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Objective: To evaluate the adverse effect of exposure to air pollution on lung function growth
in school-aged children.
Methods: A cohort of 1983 children from three districts in Guangzhou, China was followed-up
for 6 months. The children performed pulmonary function tests twice, and their parents
reported the child’s respiratory symptoms by self-administered questionnaires in both
surveys.
Results: The annual mean concentrations of air pollutants for the past 5 years for particulate
matter less than 10 microns in diameter (PM10), nitrogen (NO2), and sulfur dioxide (SO2) were
respectively: 96.1 mg/m3, 76.0 mg/m3, and 65.7 mg/m3 in the highly-polluted district (HPD),
80.3 mg/m3, 67.6 mg/m3, and 54.5 mg/m3 in the moderately-polluted district (MPD), and
80.0 mg/m3, 48.1 mg/m3, and 52.2 mg/m3 in the least-polluted district (LPD).
After adjustment for potential confounders, significant deficits were found in the annual
growth rates of forced expiratory flows at 25% (FEF25), and between 25% and 75% (FEF25e75) in
boys and FEF25 in girls (In boys, for FEF25, 0.136 l/s, p Z 0.008 in MPD and 0.153 l/s,
p Z 0.004 in HPD, respectively; for FEF25e75, 0.176 l/s, p Z 0.013 in MPD and 0.167 l/s,
p Z 0.021 in HPD, respectively. In girls, for FEF25, 0.123 l/s, p Z 0.043 in HPD), using LPD52 22528777; fax: þ86 852 26063500.
.hk (T.W. Wong).
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Effects of air pollution on children’s lung function growth 1513as the reference. Deficits in the annual growth rate of forced expiratory volume in 1 s (FEV1)
were also negatively associated with air pollution in boys (0.063 L, p Z 0.032 in HPD).
Conclusions: The study adds more evidence that exposure to air pollution has adverse effects on
lung function growth in schoolchildren.
ª 2010 Elsevier Ltd. All rights reserved.Introduction
A large body of epidemiological evidence has shown
adverse effects of ambient air pollution on human
health.1e4 Children are believed to be a particularly
vulnerable population because of their unique physiological
and behavioral characteristics. They have higher minute
ventilation5 and higher levels of physical activities. They
also spend more time outdoors than adults,6 and are more
exposed to outdoor air pollution.
The observed effects of air pollution on children include
increased respiratory symptoms and diseases,7 aggravation
of asthma,8 school absenteeism,9 and a decrease in lung
function.10 Among these health end points, lung function as
an objective indicator of respiratory health is of special
interest in assessing the long-term effects of air pollution in
epidemiological studies. Longitudinal studies conducted in
the United States,4,10 Mexico City11 and European coun-
tries12,13 have demonstrated that exposure to air pollution is
associated with deficits in lung function growth among
children. Gauderman et al. observed significant deficits in
the growth rate of forced expiratory flows between 25% and
75% (FEF25e75) in a cohort of 1678 Southern California chil-
dren in a 4-yr cohort study.10 Priftis et al. studied the effects
of air pollution on Greece children’s pulmonary function in
1995e1996 and again in 1999e2000, and noted a lower
percentage-predicted forced vital capacity (FVC) in urban
children living with high exposure to outdoor air pollutants.14
China underwent a rapid economic growth in the last
few decades. Energy consumption has increased signifi-
cantly, resulting in a deterioration of ambient air quality.
Most studies on the effect of outdoor air pollution in China
have been cross-sectional in design,15e17 which preclude
a conclusion of a cause-effect relationship. Owing to
differences in ethnicity, demographic pattern, as well as
the composition of the air pollutants between Western
countries and China, findings from cohort studies in the
former might not be applicable to Chinese children. To
assess the association between air pollution and lung
function growth among Chinese school-aged children, we
conducted a prospective cohort study in Guangzhou, China.
Methods
Study subjects
The study was conducted in Guangzhou, the provincial
capital of Guangdong province in southern China. A rapid
increase in the number of automobiles concomitant with
the intensive development of industry and urbanization
has led to a deterioration of air quality. Three districts
representing different air pollution levels were selected onthe basis of 2002e2006 annual average air pollutant
concentrations. Two districts e a highly-polluted district
(HPD) and a moderately-polluted district (MPD) are located
in city center, while the least-polluted district (LPD) is
a suburban residential area. One to four primary schools in
each district were invited to participate in the study. All
schools were within 1 km from the local air monitoring
station in the district, and there were no factories within
100 m from any of the selected schools.
Primary schoolchildren in Grade 3 and 4 in the selected
schools were recruited at the start of the study. Only
children who lived in the same district as their schools for
a continuous period not less than 12 months were included
in the final analysis. The baseline study was carried out
from September to November 2006, and follow-up was done
6 months later, from April to June 2007. Informed consent
was obtained from the parents prior to the survey. This
study has been approved by the Medical Research Ethics
Committee of Sun Yat-sen University.
Concentrations of air pollutants
The municipal monitoring stations routinely performed 24-h
monitoring of ambient air quality in Guangzhou city. The
primary air pollutants measured are PM10 (particulate matter
less than 10 microns in aerodynamic diameter,), sulfur
dioxide (SO2), and nitrogen dioxide (NO2). Data on ozone
were unavailable because it was not routinely monitored.
Questionnaires
In the baseline and the follow-up survey, both parents and
their child respectively completed a self-administered ques-
tionnaire, which was a modified version based on the Chil-
dren’sQuestionnaire recommendedby theAmericanThoracic
Society (ATS-DLD-78-C).18 The following information was
obtained from thequestionnaires: the child’s current andpast
history of respiratory symptomsanddiseases, parental history
of allergic diseases, indoor environmental factors, their
socioeconomic status, as well as the frequency and extent of
the physical activity of the children. The questionnaires used
in the second survey were the same as those used in the
baseline survey, except the questions about basic information
already obtained in the baseline survey were not repeated in
the questionnaire for the parents.
Spirometry
The spirometric measurements were carried out at schools
according to ATS criteria,19 using a Minato AS-505 portable
electric spirometer (Minato Ltd., Tokyo, Japan). The
spirometers were calibrated before and after each field
Figure 1 Mean concentrations of air pollutants during the
period from June 2002 to March 2007 in the three districts of
Guangzhou, China.
1514 Q.-Q. He et al.work session using a 2-L calibration syringe. Study subjects
were measured in a sitting position with a nose clip. After
a demonstration, each child was asked to perform the test
until three satisfactory readings were obtained. The output
from the curve with the largest FVC and forced expiratory
volume in 1 s (FEV1) was chosen for analysis. Prior to the
test, each child’s height (standing erect without shoes) and
weight (in light clothes) were also measured.
Statistical analysis
The changes in height, weight, body mass index (BMI) and
lung function indices including FVC, FEV1, forced expiratory
flows at 25% (FEF25), 75% (FEF75) and FEF25e75, between the
baseline and the follow-up measurements were calculated
for each child separately. The growth rates of all anthro-
pometric and lung function indices were then annualized.
The results were presented as “difference per year” (dpy)
for each corresponding index measured.
The pair-wise district differences in the prevalence of
baseline characteristics stratified by sex were analyzed by
Chi-square tests. In the multivariate analysis of these
parameters stratified by sex, analysis of covariance was
performed to estimate the difference between each pair of
two districts, after adjustment for potential confounding
factors, including age in 2007, height in 2006, change in
height between 2006 and 2007, BMI in 2006, change in BMI
between 2006 and 2007, lung function indices in 2006,
physically active in the past 12 months before the follow-up
study, more time outdoors in the past 12 months before the
follow-up study, passive smoking at home in the past 12
months before the follow-up study. Subsequently, multiple
linear regression models were fitted to assess the con-
founding effects of several covariates.
All statistical analyses were performed using the SPSS
statistical package (version 13.0; SPSS Inc, Chicago, Il, USA).
Results
Data from of a total of 1983 children (1007 boys and 976
girls) were analyzed. They represented 91.0% of those who
were examined at the baseline study (2179 children). One
hundred and ninety-six children were excluded because of
loss to follow-up or incomplete data.
Fig. 1 shows the annual mean concentrations of the air
pollutants in the three districts from June 2002 to March
2007. Although air pollutant concentrations fluctuated
during the time from 2006 to 2007, the trend of air pollution
was consistent within the whole period in the study
districts. The 5-year annual mean concentrations over the
period were 96.1 mg/m3, 76.0 mg/m3, and 65.7 mg/m3 in
HPD, 80.3 mg/m3, 67.6 mg/m3, and 54.5 mg/m3 in MPD, and
80.0 mg/m3, 48.1 mg/m3, and 52.2 mg/m3 in LPD for PM10,
NO2, and SO2, respectively. The National Ambient Air
Quality Standards (NAAQS) of China for annual mean
concentrations are 100 mg/m3, 40 mg/m3, and 60 mg/m3 for
PM10, NO2, and SO2, respectively.
Table 1 shows the comparison of characteristics of
students who were followed-up and those lost to follow-up.
There was a higher proportion of boys in subjects lost to
follow-up. No significant differences in the personalcharacteristics, the prevalence of respiratory symptoms/
diseases, age, anthropometric characteristics, and lung
function were found between the two groups of follow-up
and lost to follow-up, except a significantly higher preva-
lence rate in current allergic rhinitis and a marginally
significantly higher FVC in the latter group.
At the start of the survey, the children had a mean age
of 10.04 years (SD Z 0.86 years). The baseline character-
istics of the study children by sex and district are summa-
rized in Table 2.
Table 1 Comparisons of characteristics of students followed-up and those lost to follow-up.
Lost to follow-up (n Z 196) Followed-up (n Z 1983) p-Value
n % n %
Personal characteristics
Boys 131 66.84 1007 50.78 <0.001
Allergy 10 5.10 178 8.98 0.084
Parental allergy 21 10.71 233 11.75 0.672
Physically active 74 37.76 717 36.16 0.681
More outdoors 90 45.92 903 45.54 0.746
Passive smoking 24 12.24 255 12.86 0.805
Respiratory symptoms/diseases
Wheezing 10 5.10 85 4.29 0.596
Cough with cold 55 28.06 563 28.39 0.850
Sneeze 63 32.14 599 30.21 0.849
Asthma 4 2.04 41 2.07 0.953
Ever allergic rhinitis 32 16.33 231 11.65 0.056
Current allergic rhinitis 21 10.71 131 6.61 0.032
Ever bronchitis 45 22.96 450 22.69 0.953
Current bronchitis 17 8.67 150 7.56 0.569
Mean SD Mean SD
Age, year 9.85 1.24 9.87 2.18 0.892
Anthropometric characteristics
Height, cm 138.66 7.00 138.33 7.13 0.541
Weight, kg 33.56 8.39 32.88 7.68 0.242
BMI, kg/m2 17.27 3.12 17.04 2.94 0.290
Lung function
FVC, l 1.90 0.41 1.84 0.34 0.050
FEV1, l 1.70 0.33 1.66 0.33 0.206
FEV1/FVC, % 90.35 9.00 90.44 9.02 0.897
FEF25, l/s 2.12 0.65 2.08 0.64 0.451
FEF75, l/s 2.84 0.98 2.75 1.02 0.211
FEF25e75, l/s 2.12 0.65 2.08 0.64 0.780
Effects of air pollution on children’s lung function growth 1515The anthropometric variables, baseline lung function
parameters, and their corresponding growth rates among
boys and girls in the three districts are shown in Tables 3a
and b. After adjustment for potential confounding
factors, boys in the LPD had significantly higher FEF25 dpy
and FEF25e75 dpy than those in the other two districts. They
also had significantly higher FEV1 dpy than boys in the HPD.
A significantly higher FEF25 dpy was also observed in girls in
the LPD, when compared with girls in the HPD.
The results of the multivariate linear regression analysis
of the effect of air pollution on lung function growth are
listed in Table 4. Children living in the higher polluted
districts showed significant deficits in the annual growth
rates for FEV1, FEF25, and FEF25e75. All of the lung function
growth rates were positively correlated with baseline
height, but negatively with the baseline lung function
indices in both gender groups. Although not significant,
passive smoking at home had negative effect on the growth
rate of lung function for all children, while being physically
active had positive effects in girls, but adverse effects in
FVC and FEV1 in boys. It might be attributed to the gender-
difference in their activities. Boys might spend more time
outdoors, thus expose to more outdoor air pollutants.Fifteen (0.8%) children reported having current asthma
by their parents in both surveys; we performed a sensitivity
analysis by removing the asthmatic subjects from the data,
and found consistent results (data not shown).
As the differences between the annual mean concen-
trations of PM10 and SO2 were small between MPD and LPD,
we combined the data from the two districts and compared
the lung function growth of these children with those of
children in the HPD. Results showed a similar pattern as the
above findings: a faster growth rate for FEV1, FEF25e75, and
FEF25 in boys living in the two districts than those in the
HPD (mean (SE): 0.27 (0.01) vs. 0.22 (0.02) for FEV1; 0.37
(0.04) vs. 0.29 (0.05) for FEF25e75; and 0.17 (0.03) vs. 0.09
(0.04) for FEF25, respectively). The differences in FEV1
and FEF25 were, however, only borderline insignificant
(p Z 0.069).
We also calculated the predicted FVC and FEV1 of each
child using healthy Hong Kong Chinese schoolchildren
(who are of the same ethnic sub-group as our Guangzhou
children) as reference group.20 The results are similar to
those obtained from our previous analysis. However,
prediction equations for FEF25, FEF25e75, and FEF75 are not
available.
Table 2 Prevalence (%) of the baseline characteristics by sex and district.
Variables Boys Girls
LPD MPD HPD LPD MPD HPD
(n Z 328) (n Z 331) (n Z 348) (n Z 300) (n Z 319) (n Z 357)
Characteristics
Breast-feeding 84.81 83.97 83.64 89.04 86.24 79.59**
Allergy 8.49 10.87 9.71 8.71 7.81 9.60
Burning incense in the home 16.09 18.75 23.19* 14.58 18.75 23.17**
Mould in the home 27.64 11.49*** 17.99# 23.23 9.97*** 26.50###
Passive smoking at home 10.53 14.20 19.71** 7.12 10.61 15.47***
More time outdoorsa 50.50 63.29*** 47.19### 50.18 53.87 43.91#
Physically activeb 47.80 44.51 35.45***,## 39.51 27.04*** 32.84#
Father’s education-highc 36.28 29.02* 31.04* 40.00 29.47** 27.03***
Carpet 7.81 4.97 3.86* 10.96 5.54* 9.48
New furniture 12.46 13.13 10.29 13.22 14.19 14.08
Incense 16.09 18.75 23.19* 14.58 18.75 23.17**
Ever respiratory symptoms
Wheezing 2.74 4.55 7.47* 4.37 1.57* 4.76#
Cough with/without cold 34.27 29.92 37.30## 23.91 30.07 36.51***
Phlegm with/without cold 20.65 16.97 22.08 17.05 17.52 19.93
Ever respiratory diseases
Asthma 0.32 2.58* 3.00** 1.36 1.97 3.41
Allergic rhinitis 14.19 15.21 16.62 6.32 5.69 15.09***,###
Sinusitis 5.18 5.50 5.85 2.45 3.68 5.03*
The respiratory symptoms and diseases were reported by the parents.
Compared with LPD (*: p < 0.05, **: p < 0.01, ***: p < 0.001); #: compared with MPD (#: p < 0.05, ##: p < 0.01, ###: p < 0.001).
a Classified by those children whose time (hours per week) spent outdoors was higher than the median values for their respective
districts and sex.
b Frequency of participation in sports and/or vigorous free play lasting at least 30 min each time was higher than three times a week.
c Father’s education-high: 12 year education.
1516 Q.-Q. He et al.Discussion
In this prospective cohort study, we measured the pulmo-
nary functions of 1983 Chinese primary students over a 6-
month follow-up period. Our results showed that children
living in the most polluted district had significantly slower
growth rates in lung functions, as measured by FEV1, FEF25
and FEF25e75, when compared with those from the least-
polluted district.
In clinical practice, FVC is used mostly for the evaluation
of large airway functions, FEV1 reflects airway obstruction
in large and small airways, whereas FEF25, FEF75, and
FEF25e75 are measures more indicative of peripheral small
airway functions. It has been suggested that small airways
are likely to receive the highest tissue doses of air pollut-
ants, and might undergo preclinical structural changes
before the larger airways are affected.21 As the small
airways may be the first part of the respiratory tract
affected by the adverse effects of air pollutants, early
detection would require a test sensitive to abnormalities of
the small airways. Abnormalities in FEF25e75 have been
observed before the decline in FEV1,
22 and the former has
been suggested to be a sensitive indicator of small airway
disease.23 Alberts et al. reported that FEF25e75 was useful in
predicting the presence of airway hyperresponsiveness.24
Ferguson pointed out that FEF25e75 was a more valuablespirometric parameter than peak expiratory flow in
assessing chronic airflow obstruction.25 Our findings
demonstrated that air pollution exposure had adverse
effects on both large and small airways, suggesting that the
effects of air pollution were long-standing.
In our study, Children in all three districts were exposed
to fairly high levels of air pollution. The 5-year annual mean
concentration of NO2 in the three study districts exceeded
the Chinese NAAQS. The concentrations of all pollutants,
even in LPD, far exceeded the 2005 WHO Air Quality
Guidelines, which recommended much more stringent
standards than those of the NAAQS.26 Within the highly-
polluted environment, we still observed a significant
difference in lung growth among children exposed to
different levels of air pollutants within a rather short period
(only 6 month). We postulate that the absolute difference
in lung functions could have been due to a cumulative
effect of long-term exposure of the children to air
pollution.
Children living in the HPD and MPD had better baseline
lung function (FVC, FEV1) than the LPD. This difference
might partly due to the short-term effects of air pollution.
We have observed a higher PM10 and NO2 in LPD than HPD on
the days when baseline lung function tests were performed.
Another possible reason was the socioeconomic disparity
between children in the rural LPD and children in the urban
Table 3a Baseline anthropometry, lung function and the growth rates over the follow-up period by districts in boys.
Variables LPD (n Z 328) MPD (n Z 331) HPD (n Z 348)
Mean SD(SEc) Mean SD(SEc) Mean SD(SEc)
Baselinea
Age (years) 10.14 0.85 10.28* 0.91 9.84***,### 0.80
Height (cm) 137.33 6.57 138.06 6.77 137.95 6.76
Weight (kg) 32.54 7.13 34.38** 8.18 33.86* 8.79
BMI (kg/m2) 17.13 2.78 17.88** 3.19 17.63* 3.48
FVC (l) 1.86 0.01 1.94*** 0.01 1.98*** 0.01
FEV1 (l) 1.68 0.01 1.77*** 0.01 1.76*** 0.01
FEF25 (l/s) 1.33 0.02 1.34 0.02 1.28 0.02
FEF25e75 (l/s) 2.07 0.03 2.21** 0.03 2.08
## 0.03
FEF75 (l/s) 2.69 0.05 3.17*** 0.06 2.96***
,## 0.05
Growthb
Height dpy (cm) 6.17 1.90 7.40*** 2.40 6.64**,### 1.90
Weight dpy (kg) 5.14 2.85 5.84** 2.62 5.58* 2.97
BMI dpy (kg/m2) 1.05 1.19 1.05 1.25 1.08 1.29
FVC dpy (l) 0.28 0.03 0.28 0.03 0.32 0.03
FEV1 dpy (l) 0.28 0.02 0.25 0.02 0.22* 0.02
FEF25 dpy (l/s) 0.24 0.04 0.10** 0.04 0.08** 0.04
FEF25e75 dpy (l/s) 0.46 0.05 0.28* 0.05 0.29* 0.05
FEF75 dpy (l/s) 0.64 0.09 0.62 0.09 0.63 0.09
*Compared with LPD (*: p < 0.05, **: p < 0.01, ***: p < 0.001); #: compared with MPD (#: p < 0.05, ##: p < 0.01, ###: p < 0.001).
a Lung function indices were adjusted for age, height, BMI, physically active, passive smoking at home, more outdoors.
b Lung function growth indices were adjusted for age in 2007, height in 2006, change in height between 2006 and 2007, BMI in 2006,
change in BMI between 2006 and 2007, lung function indices in 2006, physically active in the past 12 months before the follow-up study,
more time outdoors in the past 12 months before the follow-up study, passive smoking at home in the past 12 months before the follow-
up study.
c For lung function indices.
Effects of air pollution on children’s lung function growth 1517and more affluent HPD and MPD. Even though children in
HPD and MPD had a higher baseline lung function, they had
slower growth rates in FEV1, FEF25, and FEF25e75 during the
follow-up period, after adjusting for personal factors
including age, height, BMI, baseline lung function indices,
passive smoking, time spent outdoors and physical activity.
The differences in lung function tests indicative of small
airway patency were more obvious in boys. The statistical
significance level, in particular for FEF25 dpy, suggests that
the differences in the lung function growth might be due to
some underlying causes, rather than simply a catch-up
effect in the children in the LPD (whose mean age was
slightly older than children in HPD but younger than chil-
dren in MPD). It is plausible to attribute our findings of
slower lung growth to the adverse effects of outdoor air
pollutions. Our sensitivity analysis also lent support to this
hypothesis.
LPD was having quite high air pollutant concentration on
the days of test in baseline, which might have adversely
affected the children’s lung function test results. The air
pollutant profile in the follow-up days, however, followed
the usual pattern, with LPD lower than MPD and HPD in that
order. Since dpy was assessed from the difference between
the lung function obtained in the baseline survey and that
in the follow-up visit, it is possible that the dpy of children
in LPD was over-estimated owing to the short-term impact
of high air pollutant levels on the day of the baseline study.
As the follow-up period was short, it is difficult to distin-
guish whether the differences in dpy between LPD and theother two districts were due to short-term fluctuations in
air pollutant levels or to longer-term differences in air
quality between these districts. A longer follow-up would
be necessary to answer this question.
Most of our study subjects (94.3%) were 9e11 years old
at the baseline survey. At this age, puberty might have
begun among girls. Usually, girls start a little earlier than
boys. This might have influenced their lung function
growth. Schwartz et al. observed a different relationship
between volume and flows in males and females.27 The
significant deficits in lung function growth were mostly
found in boys in our study. Similarly to our results, Cuijpers
et al. reported that airway sensitivity to the air pollutant
exposures were higher in boys than in girls.28 In contrast,
Peters et al. found that the significant relationships
between air pollutant exposures and lung function losses
were primarily in girls.29 The mechanisms behind the
different responses to air pollution between sexes and the
effects of air pollution on lung function growth among
children at puberty are still not clear.
The observed effects might be confounded by several
variables in the epidemiologic studies. We have adjusted
the children’s physical activity, time spent outdoors, and
history of passive smoking in the analysis, and found no
significant confounding effects by these factors. We have
also examined the effects of several potential confounders:
indoor sources of air pollutants, and parental education and
their occupation, none of them had any significant effects.
Hence, they were excluded in the final model. Like our
Table 3b Baseline anthropometry, lung function and the growth rates over the follow-up period by districts in girls.
Variables LPD MPD HPD
Mean SD(SEc) Mean SD(SEc) Mean SD(SEc)
Baselinea
Age (years) 10.05 0.90 10.18 0.86 9.82***,### 0.74
Height (cm) 137.99 7.96 140.64*** 7.24 138.08### 7.09
Weight (kg) 31.13 6.91 33.59*** 7.19 31.67### 7.11
BMI (kg/m2) 16.18 2.25 16.85*** 2.54 16.49 2.80
FVC (l) 1.67 0.01 1.83*** 0.01 1.80*** 0.01
FEV1 (l) 1.50 0.02 1.67*** 0.02 1.64*** 0.01
FEF25 (l/s) 1.32 0.03 1.36 0.03 1.40* 0.03
FEF25e75 (l/s) 1.86 0.04 2.19*** 0.04 2.11*** 0.04
FEF75 (l/s) 2.19 0.06 2.96*** 0.06 2.59***
,### 0.06
Growthb
Height dpy (cm) 6.99 2.15 8.01*** 2.37 7.50**,## 1.92
Weight dpy (kg) 5.91 2.80 6.64*** 2.64 5.92### 2.85
BMI dpy (kg/m2) 1.30 1.19 1.32 1.23 1.14# 1.27
FVC dpy (l) 0.30 0.02 0.33 0.02 0.35 0.02
FEV1 dpy (l) 0.31 0.02 0.33 0.02 0.32 0.02
FEF25 dpy (l/s) 0.29 0.04 0.19 0.04 0.17* 0.04
FEF25e75 dpy (l/s) 0.52 0.06 0.46 0.06 0.46 0.05
FEF75 dpy (l/s) 0.85 0.10 1.00 0.09 0.92 0.09
*Compared with LPD (*: p < 0.05, **: p < 0.01, ***: p < 0.001); #: compared with MPD (#: p < 0.05, ##: p < 0.01, ###: p < 0.001).
a Lung function indices were adjusted for age, height, BMI, physically active, passive smoking at home, more outdoors.
b Lung function growth indices were adjusted for age in 2007, height in 2006, change in height between 2006 and 2007, BMI in 2006,
change in BMI between 2006 and 2007, lung function indices in 2006, physically active in the past 12 months before the follow-up study,
more time outdoors in the past 12 months before the follow-up study, passive smoking at home in the past 12 months before the follow-
up study.
c For lung function indices.
1518 Q.-Q. He et al.findings, in a 4-year cohort study among Southern
Californian children, none of the personal and housing
characteristics and indoor sources of air pollutants were
found to be associated with the observed relationships
between ambient air pollution and lung function.30
The air pollution concentrations of PM10 and SO2 were
not significantly different between MPD and LPD. To
address the problem of misclassification of the exposure
variable, we compared the data between children in HPD
with combined data of children in MPD and LPD. The results
were in broad agreement with those obtained by comparing
three districts. However, since lung function can be
affected by many factors, the observed district differences
might not be entirely attributable to air quality differ-
ences. It is not possible to rule out other unidentified
confounders that might have affected lung function.
Baseline lung function was measured from September to
November, but the follow-up study was conducted from
April to June, therefore, some of the differences could be
due to the seasonal differences. The assessment of differ-
ences in growth rate of lung functions was influenced by the
short-term changes in lung function in the baseline study
and follow-up visits. Therefore, we cannot determine
precisely whether the differences in the growth rates could
be attributed to long-term differences in air pollution
between the three districts, or whether the observed
higher growth rates in lung function among children in LPD
were predominantly due to differences in the air pollutant
levels on the days of the tests.The data on ozone (O3) were unavailable in this study, as
O3 was not routinely monitored in Guangzhou city and its
effects on lung function have not been accounted for.
However, previous findings regarding the association
between O3 and children’s lung function growth were
inconsistent. In the 3-year follow-up study among Austrian
schoolchildren, Horak Jr et al. found a negative effect of O3
on children’s lung function growth.13 Gauderman reported
a growth deficit in peak flow rate exposed to O3 in fourth
graders followed-up for 4 years.10 Nevertheless, in the
Children’s Health Study, in which 1759 Southern California
children were followed-up from 10 to 18 years, O3 was not
associated with chronic deficits in the growth of lung
function in children.4 A lack of effect of O3 has also been
reported elsewhere.31,32 More work needed to be done to
address the long-term effect of ozone on lung development
in children. Since the concentration of O3 may vary
inversely with that of NO2, O3 concentrations in the two
urban districts may be lower than those in the rural
district.33 In the absence of data on O3, the differences in
the growth rates of lung function between HPD/MPD (urban
district) and LPD (rural district) in our study could not be
attributed to district differences in SO2, NO2 and PM10
alone. Likewise, we cannot conclude whether PM exerts its
effect on lung function alone or in combination with the
other two pollutants. Traffic-generated air pollution has
been shown to be associated with children’s respiratory
health. We chose the schools based on their proximity to
the local air monitoring station, but did not measure the
Table 4 Multivariate linear regression of lung function growth on predictor variables.
FVC dpy FEV1 dpy FEF25 dpy FEF25e75 dpy FEF75 dpy
b p-Value b p-Value b p-Value b p-Value b p-Value
Boys
MPD 0.001 0.985 0.033 0.259 0.136 0.008 0.176 0.013 0.025 0.844
HPD 0.045 0.257 0.063 0.032 0.153 0.004 0.167 0.021 0.017 0.893
Age in 2007 0.061 0.002 0.018 0.225 0.015 0.562 0.005 0.896 0.058 0.355
Height in 2006 0.025 <0.001 0.024 <0.001 0.022 <0.001 0.031 <0.001 0.054 <0.001
Heighta 0.006 0.559 0.030 <0.001 0.030 0.044 0.044 0.028 0.003 0.940
BMI in 2006 0.008 0.133 0.007 0.070 0.006 0.412 0.002 0.794 0.009 0.579
BMIb 0.016 0.431 0.009 0.554 0.004 0.877 0.025 0.499 0.019 0.765
Physically Active 0.047 0.133 0.014 0.539 0.007 0.862 0.058 0.311 0.145 0.145
More time Outdoors 0.010 0.749 0.008 0.724 0.039 0.358 0.021 0.718 0.045 0.650
Passive smoking 0.022 0.648 0.008 0.815 0.041 0.524 0.106 0.225 0.040 0.790
LF in 2006 0.577 <0.001 0.640 <0.001 0.693 <0.001 0.697 <0.001 1.063 <0.001
Girls
MPD 0.038 0.211 0.022 0.413 0.096 0.112 0.060 0.461 0.154 0.261
HPD 0.056 0.068 0.012 0.659 0.123 0.043 0.059 0.465 0.076 0.570
Age in 2007 0.004 0.793 0.016 0.269 0.042 0.200 0.067 0.120 0.092 0.188
Height in 2006 0.024 <0.001 0.023 <0.001 0.027 <0.001 0.037 <0.001 0.052 <0.001
Heighta 0.019 0.007 0.023 <0.001 0.010 0.501 0.007 0.721 0.044 0.161
BMI in 2006 0.026 <0.001 0.020 <0.001 0.011 0.272 0.025 0.054 0.042 0.047
BMIb 0.058 <0.001 0.058 <0.001 0.012 0.694 0.078 0.064 0.114 0.095
Physically active 0.010 0.690 0.026 0.225 0.049 0.322 0.077 0.237 0.079 0.458
More time outdoors 0.031 0.185 0.001 0.962 0.007 0.885 0.052 0.410 0.001 0.993
Passive smoking 0.035 0.376 0.011 0.760 0.002 0.981 0.054 0.606 0.133 0.442
LF in 2006 0.695 <0.001 0.728 <0.001 0.793 <0.001 0.853 <0.001 1.047 <0.001
LF: corresponding lung function index.
a Height: change in height between 2006 and 2007.
b BMI: change in BMI between 2006 and 2007.
Effects of air pollution on children’s lung function growth 1519distance from the school to road. Personal exposure to air
pollution could not be determined. This was another limi-
tation of our study.
Less than 10% children were lost to follow-up in our study.
The baseline characteristics of these children, including
anthropometric indices and lung function parameters were
not significantly different from children who were followed-
up. Hence, selection bias should be minimal in this study.
Spirometric measurements were carried out by the same
group of trained technicians consists of three fieldworkers in
both surveys, with the same calibrated instruments
throughout the whole study to minimize measurement bias.
In summary, our study demonstrated that exposure to
higher levels of outdoor air pollutants was associated with
significant deficits in the development of lung function in
Chinese schoolchildren exposed to urban air pollution. The
observed adverse effects were found both in large and
small airways. Whether this difference is due to short-term
changes in air pollution or long-term exposure cannot be
precisely elucidated. A longer follow-up study in districts
that have contrasting differences in specific air pollutants is
required to assess their individual effects on lung function
growth and the incidence of respiratory diseases.
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